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(57) ABSTRACT 

A mixture ratio detecting apparatus comprises: a light source 
Which emits light including light of an infrared region; a ?rst 
light detecting unit Which detects the light of the infrared 
region from the light source; a second light detecting unit 
Which detects light of a region having a range different from 
that of the ?rst light detecting unit; and a control unit Which 
outputs a signal pertaining to a mixture ratio based on signals 
from the ?rst light detecting unit and the second light detect 
ing unit, and controls the light source, the ?rst light detecting 
unit, and the second light detecting unit. 
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MIXING RATION DETECTING APPARATUS, 
METHOD OF CONTROLLING MIXING 
RATION DETECTING APPARATUS, AND 
FUEL CELL SYSTEM INCORPORATING 
MIXING RATIO DETECTING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a mixing ratio detecting apparatus 

for detecting the mixing ratio of a component to be detected to 
a mixture solution containing the component to be detected. 
In particular, the invention relates to a mixing ratio detecting 
apparatus for detecting the mixing ratio of methanol and 
Water to be used in a direct methanol fuel cell or the like. In 
other Words, the invention relates to a so-called methanol 
aqueous solution concentration sensor. 

2. Description of the Related Art 
Fuel cells are devices for generating electric energy from 

hydrogen and oxygen, and are capable of providing high 
generation ef?ciency. The fuel cells chie?y has the folloWing 
characteristics: high generation e?iciency is expected even in 
smaller scales because of the direct generation mode Without 
thermal- or kinetic-energy processes as in conventional gen 
eration modes; and excellent environmental friendliness is 
obtained from loW emission of nitrogen compounds as Well as 
reduced noise and vibrations. Since the fuel cells can thus use 
the chemical energy of the fuel effectively and have the envi 
ronment-friendly characteristics, they are expected as energy 
supply systems to bear the 21st century. For various applica 
tions ranging from large-scale poWer generation to small 
scale generation, such as space technologies, automobiles, 
and portable devices, the fuel cells are attracting attention as 
promising novel generation systems. Technological develop 
ment toWard practical use has thus been made in earnest. 
Above all, solidpolymer type fuel cells are characterized in 

loWer operating temperatures and higher output densities as 
compared to the other types of fuel cells. Among various 
forms of solid polymer type fuel cells, a direct methanol fuel 
cell (DMFC) has recently been gaining attention in particular. 
The DMFC is one in Which a methanol aqueous solution, the 
fuel, is supplied directly to the anode Without any modi?ca 
tion so that electricity is generated through the electrochemi 
cal reaction betWeen the methanol aqueous solution and oxy 
gen. In this electrochemical reaction, carbon dioxide and 
generated Water are emitted from the anode and the cathode as 
reaction products, respectively. As compared to hydrogen, the 
methanol aqueous solution provides higher energy per unit 
volume, is Well-suited to storage, and has loW risk of explo 
sion or the like. Applications such as the poWer sources of 
automobiles and cellular phones are thus expected. 
When the methanol aqueous solution to be supplied to the 

anode of the DMFC is too high in concentration, there can 
occur the problem that degradation of the solid polymer ?lm 
inside the DMFC is promoted With a drop in reliability. When 
the concentration is too loW, it is impossible to obtain a 
suf?cient output from the DMFC. The concentration is thus 
preferably adjusted Within the range of 0.5 and 4 mol/L, and 
desirably 0.8 and 1.5 mol/ L. It has been found that the range 
of concentrations can be narroWed to stabiliZe the operation 
of the DMFC. 
NoW, take the case of a system having a DMFC. For the 

sake of operating the DMFC for a long period and reducing 
the siZe and Weight of the system as Well, the system is 
typically provided With a tank for containing methanol having 
a high concentration of 20 mol/ L or above. Here, the metha 
nol must be thinned and adjusted in concentration before 
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2 
supplied to the anode of the DMFC. Then, a methanol aque 
ous solution concentration sensor of high precision and small 
siZe has been sought after in order to adjust the methanol 
aqueous solution to a concentration of 0.8 to 1.5 mol/ L inside 
the system. Researches have been made various types of 
sensors including optical type (see Japanese Patent Laid 
Open Publication No. 2001-124695), supersonic type, and 
speci?c gravity type. Nevertheless, the methanol aqueous 
solution concentration sensor to be implemented on a DMFC 
system is yet to be developed since it requires high precision, 
small siZe, light Weight, loW cost, and loW poWer consump 
tion. 
The foregoing optical type concentration sensors have had 

the possibility of a drop in measurement precision if the 
aqueous solution contains air bubbles, contaminations, etc. 
Besides, full-time operation of the detecting apparatus has 
produced the problem of large poWer consumption for mea 
surement. 

SUMMARY OF THE INVENTION 

The present invention has been achieved in vieW of the 
foregoing problems. It is thus an object of the present inven 
tion to provide a concentration sensor of high precision, small 
siZe, light Weight, loW cost, and loW poWer consumption, and 
more particularly to provide a methanol aqueous solution 
concentration sensor to be implemented on a DMFC. 

To achieve the foregoing object, the present invention pro 
vides a mixing ratio detecting apparatus for detecting a mix 
ing ratio of a component to be detected to a mixture solution 
containing the component to be detected. The apparatus com 
prises: a light source Which emits light including at least light 
of an infrared region; an infrared light detecting unit Which 
detects the light of the infrared region, the infrared light 
detecting unit being arranged in a position capable of receiv 
ing the light of the infrared region from the light source 
through the mixture solution; and a control unit Which outputs 
a signal pertaining to the mixing ratio based on a signal from 
the infrared light detecting unit, and controls the light source 
and the infrared light detecting unit. 

Speci?cally, the mixing ratio detecting apparatus is one for 
detecting a mixing ratio of an alcohol to a mixture solution 
containing the alcohol, the apparatus comprising: a light 
source Which emits light including at least light of an infrared 
region; a ?rst light detecting unit Which detects the light of the 
infrared region, the ?rst light detecting unit being arranged in 
a position capable of receiving the light of the infrared region 
from the light source through the mixture solution; a second 
light detecting unit Which detects light of a region having a 
range different from that of the ?rst light detecting unit, the 
second light detecting unit being arranged in a position 
capable of receiving the light from the light source through 
the mixture solution; and a control unit Which outputs a signal 
pertaining to the mixing ratio based on signals from the ?rst 
light detecting unit and the second light detecting unit, and 
controls the light source, the ?rst light detecting unit, and the 
second light detecting unit. 
According to the foregoing con?guration, the apparatus 

can be reduced in siZe and Weight While achieving detection 
With high precision. 
The second light detecting unit may be a visible light 

detecting unit Which detects light of a visible light region. 
Here, the visible light detecting unit is arranged in a position 
capable of receiving the light of the visible light region from 
the light source through the mixture solution. 

This makes it easier to detect the effect of air bubbles, 
contaminations, etc. 
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An incandescent lamp may be used as the light source, 
whereby the apparatus can be fabricated at loW cost. 

The ?rst light detecting unit may comprise a photoreceptor 
capable of detecting the light of the visible light region and 
the light of the infrared region, and an infrared light transmis 
sion unit Which transmits the light of the infrared region. The 
second light detecting unit may comprise a photoreceptor 
capable of detecting the light of the visible light region and 
the light of the infrared region, and a visible light transmis 
sion unit Which transmits the light of the visible light region. 
Alternatively, a diffraction unit Which diffracts the light from 
the light source at different angles depending on Wavelengths 
may be arranged on an optical path leading from the light 
source to the ?rst light detecting unit and the second light 
detecting unit. Here, the ?rst light detecting unit is arranged in 
a position capable of receiving the light of the infrared region 
diffracted by the diffraction unit. The second light detecting 
unit is arranged in a position capable of receiving the light of 
the visible light region diffracted by the diffraction unit. 

This can reduce the types of the parts, alloWing cost reduc 
tion. 
A re?ection unit Which re?ects the light from the light 

source may be arranged on an optical path leading from the 
light source to the ?rst light detecting unit and the second light 
detecting unit. The ?rst light detecting unit and the second 
light detecting unit are arranged in positions capable of 
receiving the light re?ected by the re?ection unit. 

Speci?cally, the ?rst light detecting unit and the second 
light detecting unit are arranged in positions such that the 
light source, the ?rst light detecting unit, and the second light 
detecting unit are opposed to the re?ection unit across the 
mixture solution. 

This facilitates the layout of the Wiring from the control 
unit. 
A light shield unit Which shields light incident on the ?rst 

light detecting unit and the second light detecting unit directly 
from the light source Without the medium of the re?ection 
unit may be arranged betWeen the light source and the ?rst 
and second light detecting units. 

This alloWs more accurate detection. 
The ?rst light detecting unit may be arranged farther from 

the light source than the second light detecting unit is. Alter 
natively, a temperature detecting unit Which detects a tem 
perature of the mixing ratio detecting apparatus may be pro 
vided. Here, the control unit makes a temperature correction 
to the signals obtained from the ?rst light detecting unit and 
the second light detecting unit by using the temperature 
detected by the temperature detecting unit. 

Consequently, the infrared detecting unit susceptible to 
heat rays can conduct more accurate detection. 

At least one major surface of the mixing ratio detecting 
apparatus may be covered With a heat insulating member. 

Consequently, even When air bubbles adhere to the optical 
path, it is easy to remove the air bubbles by the heat from the 
light source. 

The present invention also provides a method of control 
ling a mixing ratio detecting apparatus, the method compris 
ing turning on the light source, and turning off the light 
source. The tuming-on and the turning-off are repeated at 
predetermined intervals. 

This makes it possible to reduce the poWer consumption 
necessary for detection. 
When an abnormal signal is detected from the ?rst light 

detecting unit or the second light detecting unit, the repetition 
of the tuming-on and the turning-off at the predetermined 
intervals may be stopped to keep the light source on for a 
predetermined period. 
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4 
Consequently, even When air bubbles adhere to the optical 

path, it is possible to remove the air bubbles by the heat from 
the light source. 
The method may comprises at least: applying a ?rst voltage 

intermediate betWeen When turning on and turning off the 
light source to the light source; and applying a second voltage 
necessary for turning on the light source to the light source. 
Here, the applying of the ?rst voltage, the applying of the 
second voltage, and the turning-off are repeated at predeter 
mined intervals. 

This alloWs more accurate detection. 
The present invention also provides a fuel cell system 

comprising a fuel cell body having an anode for a liquid fuel 
to be supplied to, the system implementing a mixing ratio 
detecting apparatus for detecting a mixing ratio of a fuel 
component to the liquid supplied to the fuel cell body. The 
system comprises: a high concentration fuel unit Which stores 
a fuel having a concentration higher than that of the liquid fuel 
to be supplied to the fuel cell body; a liquid fuel supply unit 
Which dilutes the high concentration fuel to supply the liquid 
fuel to the fuel cell body; and a system control unit Which 
controls the fuel cell system. The system control unit issues an 
instruction to supply the high concentration fuel from the 
high concentration fuel unit to the liquid fuel supply unit in 
accordance With a signal from the mixing ratio detecting 
apparatus. 

Consequently, the fuel cell system can be operated With 
stability. 
The system control unit may issue an instruction to supply 

a predetermined amount of the high concentration fuel from 
the high concentration fuel unit to the liquid fuel supply unit 
When a signal indicating that the liquid fuel supplied to the 
fuel cell body falls to or beloW a predetermined concentration 
is transmitted from the mixing ratio detecting apparatus to the 
system control unit. 

Consequently, the fuel cell system can be operated With 
stability Without requiring volume control on a liquid fuel 
pump etc. 
The mixing ratio detecting apparatus may be arranged in a 

liquid fuel supply pipe of the liquid fuel supply unit, the liquid 
fuel supply pipe lying in a stage before the liquid fuel is 
supplied to the fuel cell body. 

This makes it possible to grasp the concentration of the fuel 
to be supplied to the fuel cell body With higher accuracy. 

In the fuel cell system implementing any one of the mixing 
ratio detecting apparatuses described above, the system con 
trol unit may receive a signal pertaining to a ?oW rate of the 
liquid fuel from the liquid fuel supply unit. Here, the system 
control unit or the control unit of the mixing ratio detecting 
apparatus makes a ?oW rate correction to the signals obtained 
from the ?rst light detecting unit and the second light detect 
ing unit by using the signal pertaining to the ?oW rate received 
by the system control unit. 

This makes it possible to grasp the concentration of the fuel 
to be supplied to the fuel cell body With still higher accuracy, 
so that the fuel cell system can be operated With higher sta 
bility. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic diagram shoWing the con?guration 
of a concentration sensor according to an embodiment; 

FIG. 1B is a sectional vieW taken along the plane A-A of 
FIG. 1A; 

FIGS. 2A and 2B are schematic diagrams shoWing the 
con?gurations of concentration sensors according to other 
embodiments; 
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FIGS. 3A to 3C are graphs for showing the ON/OFF con 
trol of the light source and the measurements according to 
Example 1; 

FIGS. 4A and 4B are schematic diagrams for situations 
Where air bubbles get mixed in the methanol aqueous solu 
tion; 

FIG. 5 is a graph for shoWing the ON/OFF control of the 
light source and the measurements according to Example 2; 

FIG. 6 is a schematic diagram shoWing the emission Wave 
length characteristics of an incandescent lamp; 

FIG. 7 is a schematic diagram shoWing the con?guration of 
a concentration sensor according to a reference example; 

FIG. 8 is a schematic diagram shoWing the relationship 
betWeen optical paths and the How rate of the methanol aque 
ous solution; and 

FIG. 9 is a block diagram shoWing the con?guration of a 
DMFC system according to the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

NoW, the con?guration of a methanol aqueous solution 
concentration sensor (hereinafter, abbreviated as concentra 
tion sensor) 100 according to the present invention Will be 
described in detail With reference to the draWings. 

FIG. 1A is a schematic diagram shoWing the con?guration 
of the concentration sensor 100 according to the present 
embodiment. FIG. 1B is a sectional vieW taken along the 
plane A-A of FIG. 1A. The concentration sensor 100 is 
arranged in an S area of a DMFC system 200 shoWn in FIG. 
9. More speci?cally, the concentration sensor 100 is arranged 
on a pipe 212 immediately before Where a methanol aqueous 
solution is supplied to the anode of the DMFC. The methanol 
aqueous solution supply pipe 212 is unitiZed as shoWn in FIG. 
9. A plurality of plate members made by injection molding a 
resin material are combined to constitute a piping unit 210. 

The concentration sensor 100 comprises such components 
as a light source 10, one or a plurality of photoreceptors, a 
mirror 12, a thermistor 14, and a sensor control unit 16. The 
mirror 12 is opposed to the light source 10 and the photore 
ceptors across the methanol aqueous solution supply pipe 
212. The thermistor 14 is arranged near the photoreceptors. 
The sensor control unit 16 exercises control on the light 
source 10, the photoreceptors, and the thermistor 14, and 
conducts signal transmission and reception. The present 
embodiment uses tWo photoreceptors 18 and 20. A ?rst pho 
toreceptor 18 has reception sensitivity to a near-infrared 
region around 1450 nm, Which is the absorption Wavelength 
of Water. A second photoreceptor 20 has reception sensitivity 
to a visible light region, or Wavelengths shorter than those of 
the ?rst photoreceptor 18. The tWo types of photoreceptors 
can be used to measure the concentration of the methanol 
aqueous solution accurately. It is also possible to detect the 
presence of stains and contaminations from a combination of 
the signals of different Wavebands. 

The light source 10 is an incandescent lamp having a tung 
sten ?lament or the like. The incandescent lamp is suitable 
since it emits light ranging from the visible light region to the 
infrared region and is compact and inexpensive. In the present 
embodiment, an incandescent lamp rated at 100 mA and 5 V 
is used. For the mirror 12, one having high re?ectance in the 
Wide range from the visible light region to the near-infrared 
region is desirably selected. The thermistor 14 is interposed 
betWeen the ?rst photoreceptor 18 and the second photore 
ceptor 20, and is used to make a temperature correction to the 
signals from the photoreceptors 18 and 20. If it cannot be 
interposed, then the thermistor 14 is preferably arranged 
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6 
closer to the ?rst photoreceptor 18 Which is particularly sus 
ceptible to temperatures (heat rays). 
The sensor control unit 16 comprises such components as 

a light source control circuit, an arithmetic circuit, and a 
communication circuit Which are not shoWn. The light source 
control circuit includes a circuit Which prevents a rush current 
from ?oWing immediately after the ON/OFF control of the 
light source 10, or immediately after a current is passed 
particularly When the light source 10 is an incandescent lamp 
as in the present embodiment. The rush current refers to the 
phenomenon that a current as high as 10 to 1000 times that in 
normal use ?oWs because of loW resistance of the cold ?la 
ment, though for a period of the order of milliseconds. The 
arithmetic circuit calculates the concentration of the metha 
nol aqueous solution based on the signals from the photore 
ceptors 18 and 20 and the signal from the thermistor 14. The 
communication circuit transmits the concentration of the 
methanol aqueous solution derived by the arithmetic circuit to 
exterior. These circuits may be arranged outside the concen 
tration sensor 100 so that the external sensor control unit 16 
calculates the concentration of the methanol aqueous solution 
based on the signals from the photoreceptors 18 and 20, the 
signal from the thermistor 14, etc. 
While the foregoing photoreceptors 18 and 20 have differ 

ent sensitivity regions, the same effect can also be obtained by 
using devices having an identical sensitivity region as shoWn 
in FIGS. 2A and 2B. In FIG. 2A, a diffraction grating 22 is 
arranged in front of the photoreceptors 18 and 20. In FIG. 2B, 
a ?lter 24a for transmitting light of the near-infrared region 
and a ?lter 24b for transmitting light of the visible light region 
are arranged. In either case, the photoreceptor 18 for receiv 
ing the light of the near-infrared region is desirably arranged 
aWay from the light source 10 for the sake of reducing the 
susceptibility to the heat rays from the light source 10. 
The concentration sensor 100 is covered With a heat insu 

lator 26 so that the heat from the light source 10 Will not be 
released to exterior but used to Warm the methanol aqueous 
solution supply pipe 212. Moreover, the light source 10 can be 
placed near the methanol aqueous solution supply pipe 212 
for more effective heating. Consequently, even if air bubbles 
adhere to the optical path of the concentration sensor 100 and 
block off the light to hinder concentration measurement, the 
heat from the light source 10 Warms the air bubbles to expand 
and burst easily, or to groW in How resistance and be carried 
aWay easily. 
The light source 10 and the photoreceptors 18 and 20 are 

?tted and attached into a housing 28 Which is made of a resin 
material. This attachment mode ?xes the components in posi 
tion, makes them less susceptible to disturbances such as an 
impact, and provides even a shielding effect. It becomes thus 
possible to block off the light Which could reach from the light 
source 10 to the photoreceptors 18 and 20 directly Without 
passing through the methanol aqueous solution. 

Next, the method of controlling the concentration sensor 
100 Will be described in conjunction With Examples thereof. 

EXAMPLE 1 

In Example 1, the light source 10 is lit for 1.5 sec at 
intervals of 30 sec as shoWn in FIG. 3A. When the light source 
10 uses an incandescent lamp as in the embodiment, the rush 
current may affect as described above. In vieW of the settling 
time of the light from the light source 10, the photoreceptors 
18 and 20 thus measure and convert the light into voltages 
after a lapse of 1 sec since the light source 10 is lit. Here, the 
photoreceptors 18 and 20 are previously set so that they 
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output 5 V for the transmission light When the methanol 
aqueous solution has a predetermined high concentration of, 
for example, 2 mol/L. 

For normal operation, thresholds are set as shoWn in FIG. 
3B, i.e., the upper limit is 1.2 mol/L and the loWer limit is 0.8 
mol/ L, for example. When it is detected that the concentration 
falls beloW the loWer limit for a predetermined period, a 
signal for informing of the loW concentration is transmitted 
from the concentration sensor 10 to a control unit 220 of the 
DMFC system 200. In response, a high concentration of 
methanol is supplied from a high concentration methanol 
tank 230 to a buffer tank 232. Then, When the upper limit is 
exceeded or When a predetermined amount of methanol is 
supplied, the supply from the high concentration methanol 
tank 230 is stopped. 
As shoWn in FIG. 4A, When air bubbles or the like get 

mixed in the methanol aqueous solution and come into the 
optical path during measurement, an abnormal value such as 
X1 in FIG. 3B is detected. If air bubbles or the like simply 
pass through during measurement, the value returns to normal 
at the next measurement. Nevertheless, if any bubble adheres 
to an interfering position on the optical path in the methanol 
aqueous solution supply pipe 212 as shoWn in FIG. 4B, the 
value Will not return to normal by the next measurement. 
Then, another abnormal value is detected. In such cases, the 
light source 10 is not turned off in 1.5 sec but kept on so that 
the bubble expands due to the heat from the light source 10. 

Such ON/OFF control on the light source 10 makes it 
possible to reduce the energy consumption of the light source 
10. In addition, even When measurement is hindered by air 
bubbles or the like, it is possible to remove the air bubbles for 
proper measurement. 

EXAMPLE 2 

In Example 2, as shoWn in FIG. 5, the light source 10 is lit 
With different voltages for 1.5 sec each, at intervals of 30 sec. 
When the light source 10 is an incandescent lamp, the voltage 
to be applied to the light source 10 can be changed to vary the 
Waveband of the light to be emitted from the light source 10 as 
shoWn in FIG. 6. The light for the photoreceptors 18 and 20 to 
receive depends on the emission characteristics of the light 
source 10, the re?ection characteristics of the mirror 12, the 
absorption characteristics of the aqueous solution, and the 
reception characteristics of the photoreceptors 18 and 20 
themselves. Consequently, When the voltage to be applied to 
the light source 10 is changed in three steps to adjust the 
emission characteristics as shoWn in FIG. 5, it is possible to 
obtain a total of six types of signals from the tWo photorecep 
tors 18 and 20. This alloWs more accurate measurement of the 
concentration of the methanol aqueous solution. This also 
makes it easier to detect the presence of stains and contami 
nations from a combination of the signals of different Wave 
bands. 

Furthermore, When air bubbles or the like get mixed in as 
shoWn in FIG. 4, the light source 10 can be kept on, not turned 
off, so that the air bubbles expand due to the heat from the 
light source 10 as in Example 1. This makes it possible to 
reduce the energy consumption of the light source 10. 
Besides, even When air bubbles or the like hinder the mea 
surement, it is possible to remove the air bubbles for proper 
measurement. 

Reference Example 

FIG. 7 is a schematic diagram shoWing the con?guration of 
a concentration sensor 300 according to a reference example. 
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8 
The concentration sensor 300 of this reference example may 
be installed in the same location as in the foregoing 
Examples. 

Light sources for emitting coherent light (light sources for 
emitting laser light) are suited to the light sources of the 
concentration sensor 300 according to the reference example. 
Here, tWo types of light sources, or a ?rst light source 310 
having a Wavelength of 23 1 0 nm intended for methanol detec 
tion and a second light source 311 having a Wavelength of 
1378 nm intended for Water detection, are used. 
The light beams emitted from the light sources 310 and 311 

are split by a ?rst polarizing beam splitter 312 and a second 
polarizing beam splitter 313, respectively. The split light 
beams 314, 315, 316, and 317 are modi?ed in light frequency 
by approximately 40 MHZ (several tens of MHZ to several 
hundreds of MHZ or so) by using acousto-optic modulators 
(AOM) 318, 318, 320, and 321, respectively. The modi?ca 
tion is such that the split light beams from each identical light 
source (the beam 314 and the beam 315, or the beam 316 and 
the beam 317) have slightly different frequencies. 

Either ones of the split light beams, or measurement light 
beams 314 and 316, are projected onto the methanol aqueous 
solution supply pipe 212 so that their optical paths pass 
through the methanol aqueous solution. The others of the split 
light beams, or reference light beams 315 and 317, are passed 
through respective optical paths in the air, not through the 
methanol aqueous solution. 
The measurement light beams 314 and 316 past the metha 

nol aqueous solution are combined With the reference light 
beams from the respective identical light sources (i.e., the 
light beam 314 With the light beam 315, and the light beam 
316 With the light beam 317) by a third polarizing beam 
splitter 322 and a fourth polariZing beam splitter 323, respec 
tively. The resultants are passed through polariZing plates 324 
and 325, respectively. Here, the light beams having slightly 
different frequencies are multiplied by each other, so that 
signals oscillating in light intensity at the frequency differ 
ences betWeen the multiplied light beams are obtained from 
photoreceptors 326 and 327. This provides so-called optical 
heterodyne interferometers. 
The optical heterodyne interferometers have the character 

istics of having high noise immunity and being capable of 
high-precision high-sensitivity measurement since the sig 
nals can be ampli?ed by the reference light beams even With 
a measurement system having the propensity to attenuate the 
measurement light beams. Consequently, it becomes possible 
to use the light sources of 2310 nm and 1378 nm, having 
signi?cant light absorbabilities to methanol and Water, for 
measurement. Besides, the Wavelength With the signi?cant 
light absorbabilities alloW accurate concentration measure 
ment. Furthermore, a third light source of 1669 nm, a refer 
ence Wavelength intended for methanol detection, can be 
used to detect the concentration of the methanol aqueous 
solution more accurately. 

Other Remarks 

The foregoing embodiment has dealt With the case Where 
the concentration sensor 100 is attached to the pipe immedi 
ately before the supply of the methanol aqueous solution to 
the anode of the DMFC. Nevertheless, the position of attach 
ment is not limited to the pipe immediately before the supply 
of the methanol aqueous solution. The concentration sensor 
100 may be attached to the buffer tank 232, a manifold area of 
the DMFC body 240, an exhausting pipe of the methanol 
aqueous solution, or the like. The dimensions of the pipe are 
desirably determined so that the optical length of the concen 
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tration sensor 100 Will not exceed 5 mm. When the inner siZe 
ofthe pipe is equal to or exceeds 2.5 mm (or 5 mm in terms of 
the optical length) for the sake of securing a necessary ?oW 
rate, it is desirable that a subchannel of smaller thickness be 
provided and the concentration sensor 1 00 be arranged on that 
portion. 
As shoWn in FIG. 8, the light beams that have measured the 

same portion of the methanol aqueous solution seem to be 
incident on the photoreceptors With the ?rst photoreceptor 18 
later. This is ascribable to the relationship betWeen the differ 
ence L betWeen the optical length from the light source 10 to 
the ?rst photoreceptor 18 and the optical length from the light 
source 10 to the second photoreceptor 20, and the velocity V 
of the methanol aqueous solution ?oWing through the metha 
nol aqueous solution supply pipe 212. Then, the timing for the 
?rst photoreceptor 18 to measure the light beam can be cor 
rected to come after that of the second photoreceptor 20. This 
correction alloWs even more accurate measurement. 

The embodiment of the present invention has been 
described as specialiZed in DMFC. Nevertheless, the present 
invention Which is capable of measuring the concentration of 
alcohols such as in the methanol aqueous solution With high 
precision may also be applied to manufacturing and testing 
processes of alcohol-containing beverages. 
What is claimed is: 
1. A fuel cell system comprising: 
a fuel cell body having an anode to Which a liquid fuel is 

supplied; 
a mixing ratio detecting apparatus for detecting a mixing 

ratio of a component to be detected to a mixture solution 
containing the component to be detected and for detect 
ing a mixing ratio of a fuel component to a liquid sup 
plied to the fuel cell body, the apparatus comprising: 

an incandescent light source Which emits light including at 
least light of an infrared region; 

a ?rst light detecting unit Which detects the light of the 
infrared region, the ?rst light detecting unit being 
arranged in a position capable of receiving the light of 
the infrared region from the incandescent light source 
through the mixture solution; 

a second light detecting unit Which detects light of a region 
having a range different from that of the ?rst light detect 
ing unit, the second light detecting unit being arranged in 
a position capable of receiving the light from the light 
source through the mixture solution and at the distance 
from the incandescent light source smaller than the dis 
tance betWeen the incandescent light source and the ?rst 
light detecting unit; and 

a control unit Which outputs a signal pertaining to the 
mixing ratio based on signals from the ?rst light detect 
ing unit and the second light detecting unit, Wherein 

the control unit alternately turns on and off the incandes 
cent light source so as to ensure that a period for Which 
the light source is turned off is longer than a period for 
Which the light source is turned on; and the control unit 
Warms the liquid by maintaining the incandescent light 
source turned on When an abnormal signal is detected 
from the ?rst light detecting unit or the second light 
detecting unit; the system further comprising: 

a fuel unit Which stores a fuel having a concentration higher 
than that of the liquid fuel to be supplied to the fuel cell 
body; 

a liquid fuel supply unit Which dilutes the high concentra 
tion fuel to supply the liquid fuel to the fuel cell body; 
and 

a system control unit Which controls the fuel cell system, 
and Wherein 
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the system control unit issues an instruction to supply the 

high concentration fuel from the fuel unit to the liquid 
fuel supply unit in accordance With a signal from the 
mixing ratio detecting apparatus. 

2. A fuel cell system comprising: 
a fuel cell body having an anode to Which a liquid fuel is 

supplied; 
a mixing ratio detecting apparatus for detecting a mixing 

ratio of a component to be detected to a mixture solution 
containing the component to be detected and for detect 
ing a mixing ratio of a fuel component to a liquid sup 
plied to the fuel cell body, the apparatus comprising: 

an incandescent light source Which emits light including at 
least light of an infrared region; 

a ?rst light detecting unit Which detects the light of the 
infrared region, the ?rst light detecting unit being 
arranged in a position capable of receiving the light of 
the infrared region from the incandescent light source 
through the mixture solution; 

a second light detecting unit Which detects light of a region 
having a range different from that of the ?rst light detect 
ing unit, the second light detecting unit being arranged in 
a position capable of receiving the light from the light 
source through the mixture solution and at the distance 
from the incandescent light source smaller than the dis 
tance betWeen the incandescent light source and the ?rst 
light detecting unit; and 

a control unit Which outputs a signal pertaining to the 
mixing ratio based on signals from the ?rst light detect 
ing unit and the second light detecting unit, Wherein 

the control unit alternately turns on and off the incandes 
cent light source, 

Wherein heat from the incandescent light source is adapted 
to be conducted to the mixture solution, and 

the control unit Warms the liquid by maintaining the incan 
descent light source tumed on When an abnormal signal 
is detected from the ?rst light detecting unit or the sec 
ond light detecting unit; 

the system further comprising: 
a fuel unit Which stores a fuel having a concentration higher 

than that of the liquid fuel to be supplied to the fuel cell 
body; 

a liquid fuel supply unit Which dilutes the high concentra 
tion fuel to supply the liquid fuel to the fuel cell body; 
and 

a system control unit Which controls the fuel cell system, 
and Wherein 

the system control unit issues an instruction to supply the 
high concentration fuel from the fuel unit to the liquid 
fuel supply unit in accordance With a signal from the 
mixing ratio detecting apparatus. 

3. The fuel cell system according to claim 1, Wherein 
the system control unit receives a signal pertaining to a How 

rate of the liquid fuel from the liquid fuel supply unit; 
and 

the system control unit or the control unit of the mixing 
ratio detecting apparatus makes a How rate correction to 
the signals obtained from the ?rst light detecting unit 
and the second light detecting unit by using the signal 
pertaining to the How rate received by the system control 
unit. 

4. The fuel cell system according to claim 2, Wherein 
the system control unit receives a signal pertaining to a How 

rate of the liquid fuel from the liquid fuel supply unit; 
and 

the system control unit or the control unit of the mixing 
ratio detecting apparatus makes a How rate correction to 
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the signals obtained from the ?rst light detecting unit 10. The fuel cell system according to claim 9, Wherein 
and the second light detecting unit by using the signal the system controlunit receives a signalpertaining to a How 
pertaining to the How rate received by the system control rate of the liquid fuel from the liquid fuel supply unit; 
unit. and 

5. The fuel cell system according to claim 1, Wherein 5 the system control unit or the control unit of the mixing 
the liquid fuel is a methanol aqueous solution, ratio detecting apparatus makes a How rate correction to 
6_ The fuel 0611 System according to 01211111 2, wherein the signals obtained from the ?rst light detecting unit 
the liquid fuel is a methanol aqueous solution. and lb? Second light detecting unit by using the Signal 
7_ The fuel Cell System according to Claim 3, wherein pertaining to the How rate received by the system control 

10 um . the liquid fuel is a methanol aqueous solution. 

8. The fuel cell system according to claim 4, Wherein liquid fuel is a methanol aqueous Solution‘ 
the hquld fuel 15 a methanol aqlleous SOh_mOn' _ 12. The fuel cell system according to claim 10, Wherein the 
9. The fuel cell system according to cla1m 2, wherein at liquid fuel is a methanol aqueous Solution 

least one major surface of the mixing ratio detecting appara 
tus is covered With a heat insulating member. * * * * * 

11. The fuel cell system according to claim 9, Wherein the 


